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SUMMARY

Two 0.085-scale full span wind-tunnel models of a Mach ].60 design super-

cruiser configuration weze tested at Mach numbers from 0.60 to 2.70. One model

incorporated a varying dihedral (swept-up) wing to obtain the desired lateral-

directional characteristics; the other incorporated more conventional twin

vertical tails. The data from the wind-tunnel tests are presented in this

report without analysis.

INTRODUCTION

AS part of its program in response to increased national interest in effi-

cient supersonic cruise aircraft (see ref. !), the National Aeronautics and

Space Administration funded a design study entitled "Design and Analysis of a

Supersonic Penetration/Maneuvering Fighter," the results of which are reported

in reference 2. These results provided concepts for three aerodynamically con-

figured vehicles designed to cruise efficiently at supersonic speeds while main-

taining good transonic maneuverability. The design Mach numbers were 1.6, 2.0,

and 2.5 with an optimized configuration developed for each Mach number. An

innovative feature of the three designs is the elimination of vertical surfaces

dedicated to lateral-directional stability and control. The outboard 40 percent

of the wing is swept up to provide the desired lateral-directional characteris-

tics. In addition, there is no horizontal tail. The wing camber is designed

so that the configuration is self-trimmed at cruise, and longitudinal control

• is provided by trailing-edge flaps and thrust vectoring. Excessive nose-down

pitching moments from thrust vectoring are controlled by a pop-out canard at

low speeds.

Two 0.085-scale full span wind-tunnel models of the Mach 1.60 design were

constructed. One model incorporated the varying dihedral (swept-up) wing, and

the other had a flat wing (0° dihedral) with twin vertical tails for lateral-

directional stability and control. The model with varying dihedral also has

twist and camber in the wing and is referred to as the cambered model. The

flat wing model (0O dihedral model) has no camber or twist in the wing and is
referred to as the uncambered model.

Significant distortion of the full-scale airplane lines was required in

order to support the wind-tunnel models. The full-scale airplane concept is

a highly blended configuration with outboard engines and a winglike surface

with a zero-thickness trailing edge between the engine nacelles. The wind-

tunnel models required that a cylindrical sting shield be placed along the

center line to house the balance and sting. Flow visualization studies indi-

cated that this distortion of the configuration resulted in the generation of

a strong body shock on the wing that probably would not be present in the

undistorted configuration. Differences between the cambered and flat wing con-

figurations resulted in different sting shield distortions for the two models.

As a result, the flow disturbances induced on the wings were different, and ai.

rigorous comparison of the data for the two configurations should not be made.
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SYMBOLS

The measurements and calculations of this investigation were made in the

U.S. Customary Units. Results are presented in the SI Units except in the com-

puter printout of the appendix, where only U.S. Customary Units are used for

dynamic pressure. (A waiver has been granted for this exception.)

b wing span, 55.49 cm

c chord, cm

mean aerodynamic chord, 24.39 cm

Drag
CD drag coefficient, _m

qS

Lift

CL lift coefficient, --
qS

Rolling moment
C Z rolling-moment coefficient,

qSb

ACz

CZ8 effective dihedral parameter, 48 ' per deg (where 8 = 0O and 3° )

Pitching moment

Cm pitching-moment coefficient, qSc

Yawing moment
Cn yawing-moment coefficient,

qSb

AC n

directional-stability parameter, m-, per deg (where 8 = 0O
Cn8 and 3°) 48

Side force
Cy side-force coefficient,

qS

ACy

Cy8 side-force parameter, A8 per deg (where 8 = 0O and 3°)
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L/D lift-drag _atio

M free-stream Mach number

q free-stream dynamic pressure, Pa

S reference area of wing including fuselage intercept, ]24].37 cm 2

t local wing thickness, cm

x longitudinal direction, positive rearward from nose of fuselage, cm

y lateral direction, positive left, cm

t
z vertical direction, positive up, cm

e angle of attack, deg

8 angle of sideslip, deg

e airfoil twist angle, deg

Model component symbols:

IV inboard vertical tails

N nacelle planform simulator

OV outboard vertical tails

DESCRIPTION OF MODELS

Three-view drawings of the cambered and the flat wing models are shown in

figures ] (a) and ](b), respectively. Drawings of the two sets of vertical tails

tested on the flat wing model and the engine nacelle planform simulator that was

tested on both models are shown in figures ] (c) to ] (e). Photographs of the

cambered and the flat wing models are shown in figures 2(a) and 2(b), respec-

tively. Table I presents the camber, twist, and thickness distributions for the

model with varying dihedral (table does not include canopy and sting shield

thickness). Table II presents the thickness ratio distribution for the flat

wing which has no camber or twist (like table I, table II excludes canopy and

sting shield thickness).

The wing planforms for the two models are designed for efficient cruise at

Mach 1.60. The wing reference area S is ]241.37 cm 2, the mean aerodynamic

chord is 24.39 cm, and the aspect ratio is 2.48. The twist and camber in the

wing with varying dihedral were designed to yield minimum drag due to lift and

to be trimmed at a lift coefficient of 0.18. The second wing had no twist and

camber.

!

3
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The outboard 40 percent of the cambered wing was swept up to provide the

desired lateral-directional characteristics. The flat wing configuration

requires vertical tails in order to provide lateral-directional stability and

control. Two sets of vertical tails were tested on the flat wing model. One

set was located at 88 percent of the wing semispal_, and an alternate set was

located at the more inboard location of 50 percent of the wing semispan. Both

sets of vertical tails were sized to have equal tail-volume ratios.

The planform area of the engine nacelles was simulated on both models by

a flat plate that was attached to the wing at 50 percent of the wing semispan.

The area increase due to the nacelle was not included in the wing thickness for

either model. Theoretical aerodynamic estimates indicated that the planform

area of the nacelles had a significant effect on the pitching-moment character-

istics. The nacelle simulation plates were also removable.

TESTS AND CORRECTIONS

The tests were conducted in the Langley 8-foot transonic pressure tunnel

and the Langley Unitary Plan wind tunnel at Mach numbers from 0.60 to 2.70.

The conditions under which the tests were conducted are given in the following

table:

Mach Reynolds number, Stagnation Stagnation

number per meter pressure, kPa temperature,
K

0.60 8.20 79.52 322

.80 66.94

.90 63.78

.95 62.48

.96 62.34

.97 62.15

.98 61.96

1.03 61.05

1.20 " 59.99 "

1.60 6.56 54.63 339

2.00 63.54

2.36 75.65

2.70 ,r 90.40 ,r

The data presented that were taken at Mach 1.03 in the Langley 8-foot transonic

pressure tunnel were not corrected for the severe tunnel-wall interference that

exists at this test condition.

The dew point was maintained sufficiently low to prevent measurable con-

densation effects in the test section. The angle of attack ranged approximately

from -60 to 20° . To insure boundary-layer transition to turbulent flow at
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conditions between Mach 0.60 and ].20, transition strips 0.16 cm of No. 60 car-

borundum grit were placed on the body 3.05 cm aft of the nose of the model, and

strips of No. 80 carborundum grit were placed streamwise 1.02 cm aft of the

leading edge on the wings and tails. At conditions between Mach 1.60 and 2.70,

strips of No. 50 carborundum grit were used. The transition strips were shown

to be adequate in the conclusions of reference 3.

Aerodynamic forces and moments on the model were measured by a six-

component strain-gage balance wh[ch was housed within the model. The balance

was attached to a sting which in turn was rigidly fastened to the model support

system of the tunnel. Balance-c_amber static pressure was measured with pressure

tubes located in the vicinity of the balance. The drag data presented herein

have been corrected to the condition of free-stream static pressure in the bal-

ance chamber. Corrections to t_e angles of attack and sideslip of the model
have been made for both tunnel airflow misalinement and for the deflection of

the balance and sting under loa3.

PRESENTATION OF RESULTS

The results of the wind-tunnel tests are presented in the following fig-

ures. The tabular data from w_ich the figures are plotted are presented in the

appendix. No analysis of the data is made.

Figure

Subsonic and transonic longitudinal aerodynamic characteristics

of cambered wing configurations ................... 3

Supersonic longitudinal aerodynamic characteristics of cambered

wing configurations ......................... 4

Subsonic and transonic longitudinal aerodynamic characteristics

of uncambered wing configurations .................. 5

Supersonic longitudinal aerodynamic characteristics of

uncambered wing configurations .................... 6

Subsonic and transonic longitudinal aerodynamic characteristics

of cambered and uncambered wing configurations ............ 7

Supersonic longitudinal aerodynamic characteristics of

cambered and uncambered wing configurations ............. 8

Subsonic and transonic lateral aerodynamic characteristics of

cambered wing configurations (without nacelle planform

simulation) ............................. 9

Supersonic lateral aerodynamic characteristics of cambered

wing configurations at e - -5.2 ° .................. 10

Supersonic lateral aerodynamic characteristics of cambered

wing configurations at u - -0.6 ° .................. 11

Supersonic lateral aerodynamic characteristics of cambered

wing configurations at _ - 6.4 ° .................. 12

Subsonic and transonic lateral aerodynamic characteristics

of cambered and uncambered wing configurations at
* 0.0 0 .............................. 13

Subsonic and transonic lateral aerodynamic characteristics

of cambered and uncambered wing configurations at
e _ 6.1 ° .............................. 14

5
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Figure

Subsonic and transonic lateral aerodynamic characteristics

of uncambered wing configurations at e - 9.2 ° ........... ]5

Supersonlc lateral aerodynamic characteristics of

uncambered wing configurations at e . 0.0 ° ............. ]6

Supersonlc lateral aerodynamic characteristics of

uncambered wing configurations at e , 4.6 ° ............. ]7

Supersonlc lateral aerodynamic characteristics of

uncambered wing configurations at e - ]].6 ° ............ ]8

Supersonlc sideslip derivatives of cambered wing

configurations ............................ 19

Supersonlc sideslip derivatives of uncambered wing

configurations ........................... 20

Supersonlc sideslip derivatives of cambered and

uncambered wing configurations ................... 21

Langley Research Center

National Aeronautics and Space Administration

Hampton, VA 23665

November ]6, ]978
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APPENDIX

TABULAR DATA

Presented in this appendix are a tabular data listing, definitions of

symbols used, and computer printouts of the data.
%

The tabular data are presented in the order indicated in the following

table:

Mach

Test Run number Variable Configuration
| •

Subsonic and transonic data

726 1 1.20 e Cambered

2 1.03

3 .98

4 .97

5 .96

6 .95

7 .90

8 .80

9 .60

10 1.20 6 (at _ - 0.5 °)

11 .95

12 .90

13 .80

14 .60

15 1.20 8 (at e - 3.5 ° )
16 .95

17 .90

18 .80

19 .60

20 1.20 8 (at _ - -2.9 ° )
21 .95

22 .90

23 .80

24 .60

25 .95 _ Cambered + N

26 .90

27 .80

28 .60

29 1.20

30 1.03

1979011891-009



APPENDIX ":

Mach
Test Run number Variable Configuration

Subsonic and transonic data

729 I I.20 e Uncambered + OV + N
2 .95

3 .90

4 .60

5 1.20 _ (at _ _ 6.1°)
6 .95

7 .90

8 .60
9 1.20 8 (at _ _ 0.0°)
10 .95

11 .90
12 .60

13 1.20 8 (at u - 9.2°)
14 .95
15 .90

16 .60

]7 I.20 _ Uncambered + IV
18 .95

19 .90
20 .60

21 I .2C 8 (at _ - 6.1o)
22 .95
23 .90

24 .60

25 1.20 8 (at _ - 0.0°)
26 .q5
27 .90

28 .60
29 1.20 8 (at ct. 9.2°)
30 .95

31 .90

32 .60

33 I.20 8 (at ct. 9.2°) Uncambered
34 .95

35 .90

36 .60

37 I .20
38 I .03
39 .98

40 .97
41 .96

42 .95

43 .90
44 .80

45 .60

!

8
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APPENDIX

Mach

Test Run number Vat iable Configuration

Subsonic and transonic data

729 46 1.20 B (at c_- 6.1°) Uncambered
47 .95

48 .90

49 .60

50 1.20 8 (at _- 0.0°)
51 .95

52 .90

53 .80
54 .60

Super sonic data

1114 7 1.60 _ Cambered
14 2.00

20 2.36
25 2.70

8 1.60 _ (at B " 3°)
15 2.00
21 2.36
26 2.70

9 1.60 6 (at c, ,, -5.2 o)
16 2.00
22 2.36
27 2.70
10 1.60 8 (at 0L ,, -0.6 ° )
17 2.00
23 2.36
2R 2.70

11 1.60 I_ (at _., 6.4°)
18 2.00
24 2.36
29 2.70

41 1 .60 C_ Cambered + N
46 2.00
31 2.36
36 2.70
42 1.60 cl (at B " 3°)
47 2.00

32 2.36

37 2.70

43 1.60 B (at _ - -5.2 °)
48 2.00
33 2.36

38 2.70 o

"I
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APPENDIX

Mach I
Test I Run number Variable Configuration

..... j _ , ,

Supersonic data

1114 44 1.60 8 (at _ _ -0.6 ° ) Cambered + N
49 2.00

34 2.36

39 2.70

45 1.60 8 (at _ - 6.40)
50 2.00

35 2.36

40 2.7C

1116 11 I. 60 _ Uncambered + IV

'; 1 6 2 • O0

1 2.36

6 2.70

12 1.60 _ (at 6 = 3° )

17 2.00

2 2.36

7 2.70

13 1.60 8 (at _ _ 0.0 °)
18 2.00
3 2.36

8 2.70

14 1.60 8 (at r__ 4.6 ° )

19 2.00
4 2.36

9 2.70

15 1.60 8 (at _ - 11.6 ° )
20 2.00

5 2.36

!10 2.70

21 1.60 (I Uncambered

1 28 2. O0

33 2.36

4202 2.701.60 cl (at 8 =' 3° )

I 29 2.00
F
34 2.36

I 41 2.70

23 1.60 8 (at. Q ,. 0.0 o)
30 2.00

J5 2.36

42 2.70

i 24 1.60 8 (at s - 4.6 °)

31 2.00

36 2.36

10
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APPENDIX

L II _ Mach

_est Run I number Variable Configuration

Supersonic Lata

1116 3 2.70 B (at n - 4.6 °) Uncambered

5 1.60 _ (at _ " ]1.6°)

2 2.00

17 2.36

i4 2.70

' 15 1 .60 _ Uncambe_ed + OV

iO 2.00
i5 2.36

i0 2.70

46 I .60 _ (at _ = 3°)

_I 2.00
56 2.36

61 2.70

47 1.60 8 (at _ - 0.0 °)

52 2.00

57 2.36

62 2.70

48 1.60 8 (at e - 4.6 ° )

53 2.00

58 2 36

63 2.70

49 1.60 _ (at _ _' 11.6 J)

54 2.00

59 2.36

64 2.70 _ Uncambered + OV + N
65 1.60

70 2.00

75 2.36

80 2.70

66 1 .60 c, (at B = 30)

71 2.00

76 2.36

81 2.70

67 1.60 _ (at _ _ 0.0 °)

72 2.00

77 2.36

82 2.70

68 1.60 _ (at _, " 4.6 ° )

73 2.00

78 2.36

83 2.70

69 1.60 B (at c,- 11.6 °)

74 2.G0

79 2.36
84 2.70

11
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APPENDIX

The symbols and abbreviations used in the computer printouts of the data

are defined as follows:

ALPHA angle of attack, deg

BETA angle of sideslip, deg

Axial force
CA axial-force coefficient,

qS

Drag
CD drag coefficient, --

qS

Lift

CL lift coefficient, --
qS

Rolling moment

CLS rolling-moment coefficient in stability-axis system,
qSb

Pitching moment
CM pitching-moment coefficient,

qS6

Normal force
CN normal-force coefficient,

qS

Yawing moment
CNS yawing-moment coefficient in stability-axis system,

qSb

CROLL and CLB rolling-moment coefficient in body-axis system,

Rclling moment

qSb

Side force
CSIDE side-force coefficient,

qS

Side force
CY side-force coefficient,

qS

CYAW and CNB yawing-moment coefficient in body-axis system,

Yawing moment

qSb

L/D lift-drag ratio !

12

1979011891-014



- j ,

APPENDIX

MINF free-stream Mach number

Q and DYN PRS dynamic pressure, ib/ft 2 (l ib/ft2 = 47.88 Pa) "

PT point number
/

PRJ project (test) number
%

The printouts of the tabular data are presented on the following pages.

13
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APPENDIX

6nDY AXIS ........... _PJ_[LL6 ............ PUB TZ ............. _A_ 2,3&_

PT DYN pA$ 8FTa ALPHA CN CA CM (L8 CN_ ¢Y
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APPENDIX

ORIGnvALPAG
OF POORQUAL

BTABILITY-_XI$ .... PAJ.111_ ........... BUN .Ol ............ NACH L_O_-
............................................................

PT tlO BETA ALPha CL CO CM CLS CNS CY
10_0 -%._053 ",02 -6.47 -,2_q_ .0466 ,_211 ,0006 ,002% **0_77

10_2 -2,632_ 3,02 -2,06 -,060x ,0230 °0026 ,0011 o_003 -,0125
19_ -1._'_72 3,0_ -,9q -,0_7? .0212 -.002q .OO09 -°0902 -.0126

1064 . .T678 3.01 ..... .l.6.__.,_|_8__,020__._-..00q_ ._10_4_,3008 _0119
1065 _,13q2 ?.0 _ 1.18 ,0kS0 ,0_11 -.OIS0 ,3_11 -,0011 -,0106

1066 3._93q $.03 _.?q _ ,087_ .0710 -.0212 .0007 -,001_ -,0101
t067 . 4,7_zq 3.0 _ - 3.76 _,1257__ ,076_-_0_80e_004-.0017 _,0|11_."
!06B _.1746 3.04 4,k4 ,1583 .0_06 -.0333 .0002 -.O01B -.0110
1069 _,?711 3.04 5._3 .tq_q .o?6q -.0_96 .0001 -.ootq -.0118

I071. _,7767 _,0_ ..._,____.23_9 _0441 _-_0_3 .._,000_ _.-,0016 .._,O|ZI.
loll _,llZh 3.03 7.72 ._,27_3 .O_3h -.0_0_ -.0008 -.0012 -.0120 .
IO?Z 4,_313 3,0;. _,ql .... 3060 .0_33 -,0560 *.)016 -.0011 _-.0133_.

..It/3 ._,_TSl__.3,0%._IO.98_._,3T60_,OBBO_._-._6_..__.O024___-,O006 __,0135 ....

107_ 3,T6_9 ?,O_ 1_._0 ._537 .l_O_ -.0697 *.9033 -.0002 -,0143
107_ 3,3_6Z . 3.04 13,_0 .S222 ,1_?0 -,0761 -,O03B. .0001 -,0131
1076 ?,q_4_...%07_ _T,58._,_49____1980.__,O_t2_._,n04___._o011___._-,O14_._
1077 Z,6468 3.03 le.Bl _ ,[SqO .2490 .-.OAS3 -,OOSZ ,O01q .-.014e_
1073 .766_ 3.03_ .l____.Ol_e. ,0_0_ =.OOqn ._011 -,0003 .*.0111..

PT Dv_ PnS BFTA At_ .._ CN __ CA .... C_ CLB. Cq_- .....Cv _.
l_?q 412.47 _-4.0_ .... 14 .0077 . ,0210 _.0094 _.0006 .0001 °0205

1081 417.46 "1"0_ .... 16 "91_.. "02_ "lOOql 1 "1003 "OOn] *0056
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lOB4 412._1 _.0_ .IT ,OleO ,n_3 -.0_90 .0_0_ -.O00l -.0066
1083 412.2? 4.0_ .74 .OOq_ .o_oq -.0096 ,0012 -.0006 -.0170

lOa_ _|2.,6 -.0o .!_ ._11_ .o2o_ -.BOa? ..OOZ -.0001 ,0012..

"_BO0¥ _XlS ......... P_J 1116 ....... _UN |3 ............. _ACH ZaFa._

PT OVq PRS _BEVY_ _LPHA._ .._CN C_ _ C_ CLB _ CN|... _y _.
lOOB 61_,40 -6,07 4.4_ ,1608 ,_18_ -,O_? ,qOO9 ,00_1 ,OlqS

__1009 __412.99 --_2,0_4-§_16S_018_--.-,0337___,000___,001____,0087__
IOqO 413,36 -I,OZ ._*_J-t .163q ._le2 -,0333_._,0001 ,0001 ,0043
1091 41_,71 "*0_ 4,46 ,16_k *0187 -*0331 ,0003 ,0001 ,001l

_.Jogz ._413,_0 . I*OZ--E,___.,I6_L,OI81___'_.0337__.,O006-..O00___ r,OOZ6._
lOq3 414,0Z 2,0_ 4.46 ,!653 ._1_0 -,0376 .0_07 *.0_11 -,O06Z
1094 41_.9_ 4,0_ _4,4_ _,160S ,0184. *,033_ ,0003 -,00_2 .-,OIS|
lO_S___ql_t_q.._ b_,4-_.._LlfhL_.,Oll_--,UZ___.,OOO_OOZ_._.,OZtI__
1096 _13,]q_ -,_ ___,4__ al606_,OleZ 1-,_]31 ._ 1000_ .,0001 eOOtZ.

.............................................

!0@7 41_.$0 -4,07 I_.oq ._B?O .0|_0 -.0633 .9037 .0013 - *0_01 "

lOq9 414,?_. -1,04 11,00. ,38q0 ,OI4B -,063R ,_013 *O00T ,004_
II00 614.11 -,02 11.0_ ._ 69 .O14T -.063S ,0003 *000_ .000_

1102 4l?,_T _,_4 II,O0 . ,3_84 _ ,0149 -,06_4 -,OOil -,O00B -.OOqt
!103 413.84 4,08 _ 11.50 ,7907 .014q -.0631 -.0073 -.0013 -,01q7

llO4_._*_,Sq 6_h_._lo,_q.._,3q4_.___ptq_._673_._,_OS__._,O07_ _,0_ -
1103 4|3,q3 -.O! |O.qq ._3qoi _ .0146 -,0636 .0004 ,000_. -,O00Z
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T_BLZ I.- Continued

(b) Twist distribution

y/b/2 ¢, deg

0 5.40
.1 4.40
• 2 3.40
• 3 2.40
.4 I .45

: .5 .60
.6 .45
.7 .10
.8 -.55
.9 -1.55

I .0 -2.85
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i

TABLE II.- FLAT WING THICKNESS DISTRIBUTION

[64A00 (t/2c) max airfoil sections_

y/b/2 (t/2c) max c, cm

0 0.0424 81 .23

.I .0323 69.56

.2 .01 79 55.90

•3 .0171 44.11

.4 .0209 34.54

.5 .0226 26.62

.6 .0251 20.08

.7 .0250 17.66

.8 .0238 14.81

.9 .0238 11 .08

I .0 .0175 2.69

!
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(c) lnbo3rd vertical tail.

II.43......... F ........ 9.27 ...... ,.
rod I

%.

i • ,\_ 1
• \ , ,

• , , ",

" " " 5,38

:/,'" )_i- ": "_._.-.:, ,2",' i
-ZExposed planf0rm

(d) Naceile planfors simulator plate.

Figure 1 .- Continued.
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Figure 14.- Subsonic and transonic lateral aerodynamic characteristics
of cambered and uncambered wing configurationsat a . 6.1 o.
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(a) M = 0.60.

Figure 15.- Subsonic and t_ensonic lateraZ aerodynamic characteristics
of uncalered _/ng configurations at a _ 9.2 o.
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(b) N " 0.90.

]P/gure 15.- ContLnued.
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(d) H = 2.70.

]Ptgure 21 - Concluded.

187

1979011891-189


